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INFLUENCE OF NUTRITION ON PRODUCTIVITY AND CHEMICAL 




Khorasan wheat (Triticum turgidum L. ssp. turanicum Jakubz.) the white 
awn population is the optional type of a high-energy grain. This study aimed to 
examine the influence of plants’ mineral nutrition on the chemical composition of 
Khorasan grain. The mineral diet used in the supplementary plant nutrition 
affected the total amount of dry matter and the chemical composition of wheat 
grains, increasing its nutritional value. At the time of harvest, Khorasan wheat 
grains contained 89.74% of dry matter, i.e. 10.26% of water, while in the variants 
with additional nutrition had less dry matter 86.90% and more water, 13.10%, 
which indicates an extension of the vegetation period of plants in conditions of 
enhanced mineral nutrition. Mineral nutrition, which primarily increased the 
amount of nitrogen, statistically significantly affected protein synthesis in plants. 
Khorasan wheat grains had 14.94% of total proteins in the control and 15.2% in 
variants with NPP nutrition. Plant nutrition did not have a greater impact on the 
synthesis of oils in the grains, starch, NFE, and mineral salts content. The 
supplementary nutrition affected the total amount of dry matter and chemical 
composition of wheat grain increasing its nutritional value.    
Keywords: Khorasan wheat, supplementary mineral nutrition, the 
chemical composition of grain 
 
INTRODUCTION 
Khorasan wheat (Triticum turgidum L. ssp. turanicum Jakubz.) has been 
grown thousands of years ago in the area of ancient civilizations, the Middle East, 
and ancient Egypt. This ancient type of wheat was cultivated in the area of Big 
Khorasan (Northeastern Iran area of and neighboring countries) 6,000 years ago. 
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Khorasan wheat was most likely formed by the spontaneous crossing of durum 
and field wheat. It is very close to durum wheat (AABB genome) in terms of 
genetic and morphological characteristics. In terms of nutritional value, it is 
superior to soft wheat and is a high-energy grain. Khorasan wheat (kamut) has 
very large grains of great nutritional value. Khorasan wheat is richer in oils, 
vitamins, and mineral salts. The increased content of monosaccharides gives the 
grain a sweet taste, so kamut is also called "sweet wheat". The flour obtained by 
grinding of these grains is added to wheat grains, in different proportions, for 
making pasta and bakery products of higher nutritional and energy value. These 
food products are suitable for the diet of more physically active people and 
people allergic to gluten because it contains significantly less gluten than wheat 
grains according to the research by the International Association for Allergies in 
Food (IFAA) (Ikanović et al., 2014). 
In the diet of domestic animals, bran is used as a concentrated fodder, 
straw serves as a mat or as a raw material in further processing. Compared to soft 
wheat, kamut is more tolerant to drought and pests and has a higher coefficient of 
utilization of plant assimilates from the soil. Good production and biological 
properties have included this wheat in the system of organic farming, and the 
growing demand for food products has also affected the increase in the areas 
under this crop. In terms of average grain yields, Khorasan wheat is competitive, 
so it can be interesting for the system of conventional agriculture (Glamočlija et 
al., 2015; Ikanović, Popović, 2020). 
The grain of this wheat is curved in the middle and larger than the classic 
varieties of wheat. Khorasan wheat is used to make good bread, toast, cakes, 
snacks, and other bakery products. Although lately, this ancient cereal has been 
attracting more and more attention in Serbian area little who is informed about it. 
In Western countries, Khorasan has become an unavoidable part of the daily 
menu, especially because it suits people who are sensitive to gluten. Kamut 
contains gluten, which is well tolerated by people who are sensitive to gluten 
from common wheat. Studies have shown that a large percentage of sensitivities 
be can reduced sensitivity consuming Khorasan wheat. Kamut grain is valued by 
consumers as a grain with high energy values, easy digestion, nutty taste, and 
firm structure. It contains more proteins, amino acids, selenium, and vitamin E 
than today's wheat varieties and contains essential minerals such as magnesium 
and zinc. It contains essential vitamins E and A, and is a good source of B 
vitamins. Also, it contains calcium, iron, magnesium, potassium, sodium, and 
zinc. Kamut provides fibber, carbohydrates, and essential macronutrients. 
Proteins play a significant role in strengthening tissues, and also help in oxygen 
transport, while fibbers lower cholesterol and affect the maintenance of the 
healthy digestive system. Kamut is a source of minerals selenium and manganese, 
which have an antioxidant effect. The grains consist of water, organic, and 
mineral substances. Among organic substances, the main ingredients are 
nitrogen-free extractives (NFE) i.e. starch and partially sugars, and their content 
varies from 50-70% and even more, and especially in hulled rice up to 75%, 
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followed by crude proteins, which range from 8-18 % and over it, and cellulose 
from 2-11%. The water content in the dry grain is around 14-15%. Of the 
nitrogen-free extractives, the grains contain the starch mostly, which is found in 
the endosperm and makes up about 80% of all carbohydrates. The rest falls on 
sugars, primarily cane sugar, which is primarily found in germ, about 1.5% of the 
weight of the grain. There is no starch in the germ. The oil content in the grain of 
cereals ranges from 2-4%. The oil is found primarily in germ, about 14% in 
wheat, 12.4% in rye, up to 26% in oats, and 20% in millet. Minerals - ash - are 
found mainly in the grain husk. In complex grinding, most of the minerals go into 
the bran, and the finer the grind is done, the less mineral matter exists in the flour. 
The main component of cereals ash is phosphorus, about 50%, then potassium, 
about 30%, magnesium, about 12%, and there is little calcium, about 2.8%. 
Cellulose is also found mostly in the shells of grains, and especially in husky 
forms and cell walls. The content of cellulose is higher in small grains than in 
large ones. In addition to the above ingredients, the grain also contains enzymes 
and vitamins. Enzymes play a significant role in the germination of grains, and in 
the decomposition of nutrients into an affordable form for germination. The main 
enzymes in grain are diastase (dissolves starch and sugar), lipase (fat), a group of 
proteolytic enzymes that break down proteins and oxidative enzymes - 
peroxidase, etc. Cereal grain vitamins contain a vitamin complex: carotene as a 
source of vitamin A, then in small amounts B1, B2, E, K, and PP. Vitamins are 
mostly found in the germ (Glamočlija et al., 2015; 2017). 
As this wheat species originates from the arid areas of Central Asia, 
khorasan wheat shows greater tolerance to abiotic stress caused by drought, 
which indicates possible directions of regionalization in Serbia (Alkhammas, 
2017). The production year has the great impact on wheat productivity 
(Malešević et al., 2005; Popović, 2010; Filipović and Ugrenović, 2010; 
Ugrenović, 2013; Jankovic et al., 2015; Lakić et al., 2015; Ugrenović et al., 2018; 
Terzić et al., 2019; Rajičić et al., 2020). This study aimed to determine the effect 
of t supplementary nutrition on the productivity and chemical composition of 
wheat grains. 
 
MATERIAL AND METHODS 
The subject of the study was the population of khorasan white awn wheat, 
optional type. The influence of supplementary mineral nutrition of plants on the 
chemical composition of wheat grains was investigated. Experimental field 
micro-experiments were performed in 2015/2016, in the Danube region, on 
chernozem-type soil, by the method of a random block system in four 
replications. The size of the experimental plots was 6 m
2
. The experiments were 
performed in three dietary variants: control (without mineral nutrients) and NPK 
72:45:45 and NPK 99:45:45. Mineral nutrients NPK 15:15:15 were introduced 
with pre-sowing preparation in the amount of 300 kg ha
-1
, and CAN in February 
by fertilizing crops. In the second variant, 100 kg ha
-1
 CAN was used, and in the 
third variant 200 kg ha
-1
. After the harvest, the seeds were taken for chemical 
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analysis (Glamočlija et al., 2017; Alkhammas, 2017). The chemical composition 
of the grain was tested in the Laboratory for Pharmacognosy of the Faculty of 
Pharmacy in Belgrade. The analyzes determined: the amount of starch, total 
proteins, cellulose, total lipids, mineral salts, and the amount of water (dry 
matter). Starch, oils, and mineral salts were determined using the method 
developed by Kaluđerski and Filipović (1998). To determine the amount of starch 
polarimeter a CARL ZEISS 24/60 Hz with a specific rotation angle of 181.3° was 
used. The content of total proteins was determined by the Kjedahl method and 
converted by a factor of 6.25 (ISO 20483:2006). Total cellulose was determined 
by the Veender method using the Fibertec 2010 system. All examined parameters 
were analyzed using the statistical package Statsoft 12, ANOVA, and are 
presented in Tables and Figures. 
 
Meteorological conditions 
The examined production year 2015/2016 was favorable for the production 
of khorasan wheat. The total amount of precipitation as well as the average 
temperature during the vegetation period (total 638 mm and 11.7°C (in vegetative 
period 510 mm and 8.7°C,) respectively - were lower than the multi-year average 
of these parameters (total year 691.0 mm and 2.4°C, respectively (in vegetative 
period 518 mm and 7.9°C)), Figure 1. 
 
Figure 1. Temperature and precipitation of vegetation period of khorasan wheat 
 
An temperature conditions with mild winters, moderately warm springs, 
and warm summer months were favorable for Khorasan wheat production. 
 
RESULTS AND DISCUSSION 
Productive characteristics of plant mass, number of spikelets, spike mass, 
grain mass, and harvest index are shown in Table 1. All examined factors varied 
and were statistically significantly higher for productive traits and qualitative 
traits (protein and cellulose content), although values of other tested quality 
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parameters, in variants with supplementary nutrition, were higher compared to 
the control variant, but the difference was not significant (Tables 1-3). 
The great influence of nitrogen on the productivity of khorasan wheat 
plants was confirmed in the researches of Glamočlija et al. (2015 and 2017) and 
Alkhammas (2017). The results of these researches indicated that the use of a 
smaller amount of nitrogen significantly increased the yield parameters. The 
highest values were achieved with a larger amount of nitrogen. The mass of 
plants varied from 3.2-3.8 g, the number of spikelets from 21-26, the mass of 
spikelets from 1.5-1.7 g, grain yield per plant from 1.1-1.81 g, and the harvest 
index from 35-49%, (Table 1, Figures 2 and 3). 
 
Table 1. Yield parameters of khorasan wheat 
Parameter 













I – Control 3.20 ± 0.15 21± 0.10 1.5± 0.13 1.10± 0.11 35± 2.15 
II 3.50 ± 0.11 25± 0.12 1.6± 0.15 1.70± 0.12 49± 2.11 
III 3.80 ± 0,12 26± 0.13 1.7± 0.12 1.81± 0.15 48± 1.16 












LSD 0.5 0.212 0.210 0.209 0.199 3.461 
0.1 0.303 0.302 0.303 0.303 5.24 
 
Mineral nutrients affected the total amount of dry matter and the chemical 
composition of khorasan wheat grains, increasing its nutritional value (Table 2). 
 
Table 2. Chemical composition of khorasan wheat grain (%) 
NPK* DM PC OC Starch Cellulose NFE MS 
I 89.74±1.09 14.94±0.43 22.4±0.20 61.49±1,25 38.23±0.25 18.34±0.25 14.82±0.05 
II 86.87±0.13 15.17±0.05 23.1±0.62 67.82±1,15 39.10±0.11 18.35±0.55 14.73±0.35 
III 86.90±0.15 15.20±0.20 22.7±0.15 67.90±1,10 38.71±0.12 18.31±0.25 15.76±1.71 
Average 87.84±0.10 15.14±0.43 22.7±0.15 65.74±1,95 38.68±0.45 18.34±0.43 15.10±1.11 
*NPP-plant nutrition, DM-dry matter, PC-protein content, OC-oil content, NFE-nitrogen free 
extractives, MS-mineral salts 
Parameter DM PC* OC Starch Cellulose* NFE MS 
LSD 0.5 1.267 0.347 0.765 40.655 0.033 0.079 2.010 
0.1 1.920 0.525 1.159 61.589 0.499 0.119 3.044 
 
In the control variant, kamut grains had 89.74% of dry matter (10.26% of 
water), while in the variants with NPP mineral nutrients they had less dry matter - 
86.90% (13.10% of water), which indicates the extension of the vegetation period 
of plants in conditions of enhanced mineral nutrition (Alkhammas, 2017). Similar 
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results were obtained by Janković et al. (2011) studying the influence of nitrogen 
on the yield and grain quality of barley, i.e. wheat and oats by Rakić et al. (2012a 
and 2012b). Mineral nutrients, that primarily increased quantity of nitrogen, had a 
positive effect on protein synthesis in plants. 
Average protein content was 15.14%. Khorasan wheat grains had 14.94% 
of total proteins in control, and 15.20% in variants with NPK nutrition, that is 
4.46% more (Table 2, Figure 4). Plant nutrition did not have a greater influence 
on the oil synthesis in the grains, so the difference between the control variant 
(22.4%) and the variant with NPK mineral nutrients (22.7%) was 15.68%. This 
difference is the result of bouncing and better-poured grains in plants in the NPK 
mineral nutrition system.  
A statistically significant difference between variants (control, and plant 
nutrition) was in the amount of cellulose. The amount of digestible cellulose in 
kamut grains grown without supplementary nutrition (38.23%) was statistically 
significantly lower, by 0.9%, compared to the variants with NPK mineral 
nutrients (39,10%), (Table 2, Figure 4). 
Khorasan wheat grains in control had less NFE than in supplementary plant 
nutrition variants. Also, the content of mineral salts in the grains of control plants 
was lower compared to the variants of supplementary nutrition, which is a 






Picture 1. Khorasan wheat plants in the experimental field (a), khorasan wheat 
grains (b) 
 
The identification of those biological processes that act as markers in 
tropical wheat is essential for its cultivation across new agricultural frontiers, the 
promotion of new farming practices, and the attainment of higher yields (Ferreira 
et al., 2019). The ecological exam is necessary to clarify the true adaptability and 
suitability of winter wheat variety for regional conditions (Nazarenko et al., 
2019). 
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3D Surface Plot (Khorasan 2020 16v*90c)







Figure 2. 3D Surface plot for the mass of grain, the mass of spikelets and the 
mass of plant  3D Surface Plot (Khorasan 2020 16v*90c)









Figure 3. 3D Surface plot for harvest index, starch and mineral salts  
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3D Surface Plot (Khorasan 2020 16v*90c)







Figure 4. 3D Surface plot for cellulose, total oil, and total protein content 
 
Analysis of the total amounts of polyphenols and antioxidant values of 
khorasan wheat grain showed that its grain has a higher values use (Table 3). 
In the tested khorasan wheat grain samples, the NPP variants showed that 
the content of total polyphenols was in the range of 10.50-10.85 mg GA/g, which 
is on average higher than in the control samples (9.44 mg GA/g). The total 
antioxidant capacity of the tested extracts (FRAP value) was in the range of 
39.48-45.61 μmol Fe
2+
/g of extract. The FRAP values of the samples in the 
variant with NPP were higher than the FRAP values of the control (Table 3). 
 
















I Control 9.44±0.60 39.48±4.12 1.78±0.77 
II Variant* 10.50±0.69 44.12±2.57 1.81±0.92 
III Variant 10.85±0.75 45.61±6.45 1.76±0.14 
Average 10.16 ±0.73 42.87 ±3.20 1.76 ±0.05 
NPP*-supplement nutrition, atotal polyphenols (expressed as mg of gallic acid-GA per gram of dry 
ethanol extract); btotal antioxidant capacity in μmol Fe2 + per gram of dry extract, cconcentration of 
investigated extract that neutralizes 50% of free DPPH radicals (SC50) in mg/ml  
 
The reactivity of potential antioxidants to the stable DPPH radical was 
measured by the DPPH test, and the concentrations of the extracts that neutralized 
50% of the DPPH radicals were in the range of 1.76-1.81 mg/ml. These results 
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are consistent with some previous results of anti-DPPH activity studies of 
different wheat cultivars (SC50 0.6–7.1 mg/ml) (Yu et al., 2002; Alkhammas, 
2017). As with the FRAP test results, there was no significant difference in anti-
DPPH activity between the tested samples in the DPPH test. The shown 
antioxidant activity depended on the content, but also on the type of polyphenolic 
compounds in the tested samples. 
The growing interest in ancient grains appears in recent literature, because 
of their nutritional and health properties, and especially on KAMUT® khorasan 
wheat. Any khorasan wheat sold under the KAMUT® brand must follow several 
quality specifications related both to the nutritional characteristics and growing 
conditions (i.e. the grain must be grown organically) (Bondet et al., 1997; Quinn, 
1999). Some studies demonstrated that KAMUT® khorasan wheat has the high 
carotenoids content (Abdel-Aal et al., 2007) and a unique nutraceutical value for 
its peculiar content in bioactive phytochemicals (Dinelli et al., 2009).  
Furthermore, KAMUT® khorasan wheat is rich in selenium. It has been 
demonstrated that selenium content in KAMUT® khorasan bread was ten-fold 
higher than in modern durum bread (Piergiovanni et al., 2009; Gianotti et al. 
2011; Benedetti et al., 2012). Selenium acts in the active site of several enzymes 
involved in cellular protection from oxidative damage, such as glutathione 
peroxidase (Xia et al., 2007) and other selenoproteins. 
 
CONCLUSIONS 
The quality, i.e. the nutritional value of khorasan wheat grains is the most 
important characteristic of this real grain, which distinguishes it from the group of 
other species of the genus Triticum. Analyses of the amounts of the most 
important nutrients: total proteins, starch, sugar, digestible cellulose, and mineral 
salts have shown that this wheat grown in the agroecological conditions of the 
Danube region has a great nutritional value. The amount of these substances was 
mostly influenced by the enhanced mineral nutrition of plants, so that their 
increased values justified additional investments in NPP mineral nutrients, 
especially the protein and cellulose content. 
Analysis of the total amounts of polyphenols and antioxidant values of 
khorasan wheat grains showed that its grain has a higher use value compared to 
grains of other species of the genus Triticum. The obtained results of the content 
of total polyphenols, FRAP, and DPPH test showed higher values in the samples 
with applied NPK fertilizers compared to the control. 
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